ABSTRACT The Ds(Dissociation-suppressed bronze mutant bz-m2(DI), which is extremely stable in the absence of the regulatory element Ac (Activator), becomes both somatically and germinally unstable when Ac is present. Instability in the germ line may result in the generation of stable (Ac-nonresponding), colored Bz' derivatives. The characterization of several properties of the Bz-controlled enzyme UDPglucose: flavonoid 3-O-glucosyltransferase from mature kernel endosperms of 15 such Bz' derivatives has revealed two distinct groups. The enzyme in group I Bz' derivatives does not differ from the normal enzyme in the Bz progenitor allele of bzm2(DI). Group II Bz' derivatives, on the other hand, make altered, labile UDPglucose:flavonoid glucosyltransferases different from the normal enzyme and probably different from each other. The significance of these two classes of derivatives and possible mechanisms involved in their origin are discussed.
The modification of gene action by controlling elements in maize has been amply documented (1) (2) (3) (4) (5) . Basically, in a twoelement system of control of gene action, such as Ac-Ds, the element (Ds, Dissociation) that resides at the locus of the affected gene, often causing altered gene expression, responds to a second element (Ac, Activator), located elsewhere in the genome, which directs subsequent changes in the expression of that gene. Ac controls, for example, the time of occurrence of such changes during development and induces responses in Ds that lead to altered levels of gene expression, varying from null to normal.
Many of the changes in gene expression induced by Ac are associated with release of the gene from control by the Ac system. This is shown by the fact that stable (Ac-nonresponding) germinal derivatives isolated from Ac-controlled mutable genes may produce different phenotypic expressions (1, 6, 7) . Clearly, upon release of a mutable gene from Ac control, new alleles of the gene may be produced (3) . Genes that have come under the control of the Spm(En) system produce an even more striking graded series of phenotypic expressions upon release from Spm control (7) (8) (9) (10) . Likewise, a series of stable new alleles can be generated by the a-Dt system in maize (11) and the pal-rec system in Antirrhinum majus (12) .
Stable germinal derivatives showing a high level of gene action, indistinguishable from normal at the gross phenotypic level, have been obtained from most, if not all, mutable gene systems. In a few instances, such derivatives have been characterized in terms of the amount and type of accumulated end product. Analysis of 40 independent Wx' derivatives from a wx-mutable allele (wx, no amylose component in the starch) revealed that the percent amylose in all of them fell within the wild-type range (13) . On the other hand, colored derivatives (A2') from different a2 mutable alleles (a2, anthocyaninless aleurone and plant) varied significantly with respect to anthocyanin content in the aleurone (9, 10) . Pale, phenotypically distinct derivatives, which occur with high frequency in some systems, also have been found to produce widely varying amounts of anthocyanin (9, 10, 12) .
In this study we have attempted to gain further insight into the nature of those changes in gene expression, induced by responses of Ds to Ac, that lead to stable restoration of the normal phenotype. We have used for this purpose bz-m2(DI), an allele of the bronze (Bz) locus in chromosome 9 that is under the two-element type of control displayed by the Ac-Ds system (7) . The Bz locus is one of the several complementary factors required for anthocyanin pigmentation in the aleurone layer of the seed. It specifies the enzyme UDPglucose:flavonoid 3-0-glucosyltransferase (UFGT), which catalyzes a late step in anthocyanin biosynthesis (14, 15) . The Ds-suppressed bronze mutant bz-m2(DI) lacks UFGT activity and crossreacting material (CRM) throughout endosperm development (16) .
Many stable purple derivatives of bz-m2(DI) have been isolated after introduction of Ac to the system. The characterization of UFGT from 15 phenotypically indistinguishable purple derivatives, reported here, reveals two distinct groups. UFGT in group I derivatives does not differ from the normal enzyme in the Bz progenitor allele. Derivatives in group II, on the other hand, make altered, labile UFGTs with different stability properties relative to those of the normal enzyme. Some heterogeneity among group II Bz' derivatives is also suggested by the data. The possible mechanisms giving rise to the two classes of derivatives are discussed.
MATERIALS AND METHODS
Stocks. The controlling element mutants used were obtained from B. McClintock, who has discussed their origin in detail (7, 17) . In brief, bz-m2(DI) is a UFGT-deficient, CRM-, Dssuppressed bronze mutant (16) , and wx-m9 is a mutable waxy allele in which Ac is located at the Wx locus. The bz-R allele is the stable reference allele of the Bz locus.
Selections of Purple Derivatives from bz-m2(DI). Purple kernels were selected from the cross Sh bz-m2(DI) Wx/sh bz-R wx-m9; Pr X sh bz-R Wx; pr (Sh/sh, plump/shrunken endosperm; Bz/bz, purple/bronze aleurone; Wx/wx, nonwaxy/ waxy endosperm; Pr/pr, purple/red aleurone), and self-pollinated to verify heritability of the selected phenotype and recovery of the paternal markers, thus excluding pollen contamination as a source of the purple types. The 15 purple derivatives (Bz') used in this study were subsequently crossed to wx-m9 (Ac) and found to be stable-i.e., no further changes Abbreviations: Ac, Activator; Ds, Dissociation; bz, bronze; UFGT, UDPglucose:flavonoid 3-0-glucosyltransferase; CRM, crossreacting material; bz-m2(DI), bronze-mutable 2 (derivative I); germinal, occurring before or during gamete formation and, therefore, included in the gamete. 2369
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to stable or unstable recessive types (6) were observed in response to Ac.
Enzyme and Protein Assays. UFGT and total soluble protein were assayed as described (15 
RESULTS
The Ds-suppressed bronze mutant bz-m2(DI) is extremely stable in the absence of Ac; no purple self-colored or spotted types were observed among 56,450 kernels from the cross bz-m2(DI) X bz-R. However, introduction of Ac (i.e., wx-m9) into the system generates both somatic and germinal instability. Somatic instability is expressed in the form of purple spots on a bronze background in the aleurone layer of the seed. Instability in the germ line generates fully purple kernels, which phenotypically resemble kernels carrying the progenitor Bz allele. Many colored derivatives (Bz') were isolated from the cross bz-m2(DI) Wx/bz-R wx-m9 X bz-R Wx, and tested subsequently for their response to Ac. A random sample of 15 stable, Ac-nonresponding, Bz derivatives was selected for examination of UFGT, the Bz-controlled enzyme that is totally lacking in bz-m2(DI) (16). of the following enzyme parameters: specific activity, thermal stability, percent CRM, and electrophoretic mobility or stability in polyacrylamide gels.
Group I (Derivatives I-2, -, -7, -9, and -10). UFGT in this group of Bz' derivatives is essentially indistinguishable from the normal enzyme in Bz:McC in terms of amount of activity and CRM in mature endosperms, half-life at 55°C, and electrophoretic mobility.
Group II (Derivatives I-1, -3, 4, -5, -8, -11, -12, -13, -14, and 15). The properties of the enzymes in this group are quite different from those of the normal enzyme. (i) UFGT activity at maturity is very low in most derivatives, being totally absent in Bz' 1-5. (ii) Derivatives in this group make an enzyme that is considerably more thermolabile than the Bz:McC UFGT. (i) The enzyme is unstable to electrophoresis since no activity can be detected in gels even in Bz' I-15, which has appreciably more activity than other members in this group. This failure to detect activity in Bz' 1-15 is not due to a drastic alteration in the size of the enzyme, which could have conceivably prevented enzyme entry into the gel, since the UFGTs in this derivative and in Bz:McC are similar in size, as judged by gel chromatography. (iv) Levels of CRM, measured indirectly as capacity to remove UFGT-specific antibodies from the immune serum, are much lower in enzyme preparations of this group than in Bz: McC 
